This Special Issue of Neurobiology of Learning and Memory dedicated to Dr. Richard Thompson to celebrate his 80th birthday and his numerous contributions to the field of learning and memory gave us the opportunity to revisit the hypothesis we proposed more than 25 years ago regarding the biochemistry of learning and memory. This review summarizes our early 1980s hypothesis and then describes how it was tested and modified over the years following its introduction. We then discuss the current status of the hypothesis and provide some examples of how it has led to unexpected insights into the memory problems that accompany a broad range of neuropsychiatric disorders.
Introduction
The work of Richard Thompson is foundational to contemporary ideas regarding the neurobiology of memory and, not surprisingly, has been a continuing stimulus to hypothesis building by other investigators. Our own initial and, seen in retrospect, confused thoughts about memory substrates were ultimately shaped into a specific model (Lynch & Baudry, 1984) during daily interactions with Thompson in the early 1980s. We were also influenced by a landmark paper from his lab showing that hippocampal pyramidal neurons shape their firing rates so as to model and predict key elements of a complex conditioning problem (Berger & Thompson, 1978) . The authors proposed that repetitive activation of hippocampal afferents by the cues to be learned triggered something like the then recently discovered long-term potentiation (LTP) effect, and in this way produced novel, stable responses by hippocampus. We knew that LTP is easily induced and quite stable in the hippocampal subdivision in which Berger and Thompson had obtained their recordings, so we set out to identify a biochemical mechanism that would respond to very brief bursts of afferent activity and produce extremely persistent increases in fast, excitatory transmission. The hypothesis that resulted from this effort has received a great deal of experimental support and it continues to guide our research today. This review will first summarize our early 1980s hypothesis and then describe how it was tested and modified during the explosion of LTP research that occurred in the years following its introduction. We will then consider the current status of the hypothesis and provide some examples of how it has led to unexpected insights into the memory problems that accompany a broad range of neuropsychiatric disorders. Thoughts about a next generation model that integrates what has been learned from the nearly 30-year old version with recent discoveries from emerging technologies are advanced in a concluding section.
The original hypothesis for LTP and memory (1984)
2.1. Calpain-induced spectrin degradation and increased number of glutamate receptors Our initial work on the biochemistry of memory in the early 1980s was guided by what we took to be two fundamental requirements for an adequate hypothesis: (i) the critical cellular processes had to produce ''functionally meaningful, extremely persistent neurobiological changes of a type that can account for the behavioral manifestations of memory and (ii) the mechanism must be amenable to selective manipulations''. We further constrained the candidate mechanism by assuming that it, like memory, is triggered by brief physiological events and, despite the brevity of input, produces extremely long lasting synaptic changes (weeks, months).
It was already known that brief bursts of high frequency stimulation to monosynaptic glutamatergic inputs to field CA1 of
